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Foreword

This report summarizes the concepts and pro-

cedures used in the selection of airfoils for the

revised two-engine tailless design.
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Summary

New airfoils were selected for the revised two-

engine tailless design to satisfy the following design

requirements

:

1. Good stalling characteristics with elevators

neutral and deflected upward;

2. More conservative chordwise load distribution

to retard the premature separation observed on the

original airfoils;

3. Higher maximum lift with flaps retracted

;

4. Slightly greater positive pitching moment co-

efficient at zero lift to raise the trim lift coefficient.

The new airfoils selected are defined by the fol-

lowing parameters

:

Design Lift Maximum Chordwise Load

Airfoil Coefficient Thickness Parameters

Family Cii % Chord a b Spanwise Location

63,4 .1 22 .1 .59 Root

634 .3 18 .1 .59 .48 Semi-Span
63',4 .5 16 .1 .59 Tip

The three airfoils are to be placed in a tapered

wing of aspect ratio 12, taper ratio 4:1, leading-edge

sweepback 11° -24', with one degree aerodynamic

washout at .48 semi-span and at the tip, referred to

the root chord.
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Data used in the selection of these airfoils are
given in the text of the report and in the appediees.
The geometric characteristics of the airfols and
wing may be obtained from the various tables and
charts.
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Airfoil Selection & Wing Design

Structural and balance considerations, rather
than the aerodynamicist's judgment, often deter-
mine the design of conventional wings. However, as
stability and good stalling characteristics were to
be the major criteria in the design of the revised
wing for the present tailless design, few of the usual
restrictions were imposed on the aerodynamicist in
the determination of wing airfoil section and wing
twist.

Inasmuch as the original wing appeared to be
subject to premature trailing-edge separation, the
airfoil camber-line loading was modified to give as
gentle a pressure recovery as possible and still have
a specified positive pitching moment at zero lift

The leading edge was, therefore, loaded more than
was done on the original airfoil, and the load was
then distributed more gradually along the chord.
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The NACA 63,4-XXX family of airfoils was con-

sidered to be best for the present design.

Previous two-dimensional wind-tunnel tests of the

original 63,4-221 (a=.27, b=.54) airfoil, proposed

as the root section for a tailless design, indicated

that there was a correlation factor of about 3 be-

tween theoretically calculated section-pitching mo-

ment coefficients and those obtained in the wind-

tunnel. Examination of theoretical and experi-

mental pressure distribution data indicated that the

difference between theory and experiment was

greatest near the rear portion of the airfoil.
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This difference between theoretical and experi-

mental pressure distribution data has been examined

by Robert M. Pinkerton (Reference 6). Pinkerton

explains the difference as an effect of viscosity,

which is neglected in the development of the theory.

The viscosity of the air is observed as a frictional

force producing drag on the airfoil. Since the layer

of air that passes over the airfoil is slowed down by

this frictional force, a low-energy boundary layer is

produced. The boundary layer thickens towards the

trailing edge of the airfoil. Since all pressures are

transmitted normal to this boundary layer without
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change (Pascal's Law), the actual pressure distri-

bution measured over the airfoil is that existing

over the contour formed by the boundary layer and
not by the material airfoil. The differences between
theory and experiment are, therefore, greatest over
the aft portion of the airfoil where the boundary
layer is thickest and the deviation from the true
airfoil contour greatest.

The theoretical pitching-moments of the revised
airfoils were, therefore, selected to give one-third
the value needed to produce the required wing pitch-
ing-moment. The full-scale wing-alone pitching-
moment coefficient at zero lift Q^^ for proper trim
and stability was estimated to be 0.060. Theoretical
airfoil pitching-moment coefficients at zero lift of

0.0065 at the root, 0.0195 at the 48% semi-span
point, and 0.0325 at the tip were selected as proper
values to give this required full-scale wing-alone

moment.

Span-load distributions showed that twist dis-

tribution alone, as a means of obtaining satisfac-

tory wing stalling characteristics, was
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Isfactory from the viewpoint of dr^p.| ^^ combinatiori of camb er

ckness v/as select€.cl to provide a desirable section naxlmum-lif t-

lent distxibution ard yet to r-aintein a hip;h cijtical Llhc^ numbei.

sr airfoil sections as selected to meet these criteria are:

3,Z,-J^;22 (a » .1, b = .59)

i-span: 63,^-3i8 (a = .1, b = .59)

63,^-5J6 (a = .1, b = .59)

The aerodynamic washout inquired to obtain favorable stall

(leristics as well as reasonable dxcp; values was found to be 1°

6 root and splice, with no additional v;ashout oetween the splice

h wJnpr tip .7
-J

Alx^FOIL TK^OnY

Ihe characteristic properties of a low-drag airfoil, i.e. the

p-moment at zero lift, C^q\ the maximum lift-coef fie lent ,C/
;

If Cjp range and location of the minimum-drap region are determined

nsiderable extent by tbe shape of the mean-cairb er-line , subject

ficet:^on by the paiticular thickness distribution of the complete

.

The mean-camber-line load distribution can be described by

d parameters schematically represented below. Itie load ' s

. as constant fiom the leadin,^ ediS^e t o -a station "a" on the chord

airfoil and is assumed as linearly decieas'nff to zero from station

: station "b", the load remaining zero fiom station "b" to the

'F-edse of the airfoil.

4>W By
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The formulae for the ordinates and slope of the ca.TiDei line

I from Keference 7, ere:

I. Crdinates:

where: /• v ^ ^

De ^

10

II Slope

The^deslgn lift coefficient (Q-)* which corresponds closely to

t-coefficient for lowest drag, (i.e. the lift coefficient located

e center of the low-drag range) is defined as

' is the term called ^P ih Keference 1,

A is the numerical value of the load F in the constant load ran?e).

The

on

term Ce in Reference 1 is called Cj^ using E.K. Jacobs'

in the equation of the camber-line, since Jacobs' notation has

common in aeronautical use. C^. is here defined as the design

jefflcient of, the airfoil due to camber, whereas C^^ is ^^-^ '"'*"*

lift coefficient of the airfoil and iixludes the e^ffect of the

thickness distr ibutioh, checked- -

Approved
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A
Co = Aat-f^ b(b-«C\_ A (iP- .A

= A (cx+W^ - ACb-Hp

= A (cv+b)
. I

int coefficient about the aerodynamic center of the airfoil Is

= ^A /f(^"j - / r^""
4ab + b*

)

}

(^xi

is the aerodynamic center of the airfoil.

Figure 2 shows the relationship between Qff'.C^ , "a", and "b"

liaerodynamic center at C.265 . Hiis chart can be used as a

ary selection chart for "a" and *'b" 7alu©iB to giv9 a desired-

cal C^w for a ^iven design lift coefficient ^•.

by_
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QEKEhAL THEORY OF klAYOlL FitESSUKE DISThlBUTI 0N3

The pressure distributions for the airfoils treated ii; this

were computed by the method outlined in References 1 and 2,

The principle involved is that of obtaining the pressure

e velocity assuming a non-viscous, incompressible fluid in

iional motion,

Lli*s equation is

Neglecting compressibility and viscosity the pressure at any

;Df the upper surface is;

•b J- >5\y ^ ^OT some point in the free stream far from the

1.

rly ror the lower surface •

ad on the airfoil is then

BY-
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APPROVED.
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3 « is the basic lift due to the shape of the camber line and

(ess distribution and C^ is the additional lift due to the change

lie of attack*, the incremental load changes for airfoil of small

cess can be written.

CT 7o V. ^A^ T.^^c.

Sl z^.^^ Co -^)ii^Co
v; - v« vo -^t^ V. ^-

^ is the velocity at any i oint on the symmetrical airfoil of the

hickness,

- Qo is the velocity increment due to the camber line

g at Q ,
and ^^^^ Qj " ^'^ (Cf C^b) ^® ^^® velocity increment

symmetrical airfoil due to the change in angle of attack required

ain Co . Substituting these values of velocity into the equations

e load

It has been found (Reference 3) that the lift of airfoils of

thickness can be divided into two parts. One part is due only

; shape of the airfoil camber line, arxd the other is due to the

of attack of the airfoil measured from an angle of attack, o(^
,

>-- A- Cos ©) ^s graphically represented below:

By

CHECKED-

APPROVED. J
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•e,

lt^t<^A^'^QJd(l)\

\l'- '^C.J[|-|p(r)l

^I'^^L^<:'^*'^^Mm)]

le following method is employed to obtain C^y •

C.
I

is obtained by integrating the slope of the camber-line

lis integral can be evaluated ^by a numerical method given in

;es 1 and 4 and outlined in /ippendix xi of this report.

, ....__._ .... ._ . C

I

is obtained by integrating the load due to y^ •

jaking the area between the pressure distribution curves

is set equal to - Co so obtained in order to get C^ - ^

general C^ is not equal to (T^ . )

By
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is computed from ^the Integrtil

4\/i r4
'"'--r^L'^Q.^tQ.Y.nm^
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TABLE OF NOMEI^XL^TUrtE iiKD DEFIi:i TICKS

Basic sectional lift coefficient. 'The basic lift depends on

the airfoil camber line and the thickness distribut ion,and

is independent of anp-le of attack,

additional sectional lift coefficient. The additicr-al lift

depends only on the an^le of attack as measured from o(^'

. Angle of attack at which the additional lift is zero,

. Sectional design lift coefficient at which the additional

lift of airfoil is zero. This lift coefficient occi^rs v^ ry

close to the center of the minimum drag region. Cj^' = ^J^

for airfoils of infinitely small thickness.

. Camber line load parameters, expressed in percent of chord.

:« aerodynamic center about which pitching moment is taken

'^ Sectional pitching moment.

\ « Basic load; identical to ^9^ in .reference 1.

.5» static pressure at a point of the aiifoil cortour

,i
= static pressure in free stream

i\/\ dynft'nio pressuxe ir. fiee stream.

'j
. the anf^le whose "imc is 2^ "I (expressed ir. radians)

'c= any point on the ohoid of the airfoil

:: = ratio of incremental velocity on airfoil to free strean

'o

velocity.

irlxt

u denotes upper surface

A denotes lower surface
By

5j^ denotes thickness
CHECKED-

.
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ty due to the ctmoer-^Cp- OR T* Co is the veloci

camber line and thickness respectively,

4^^* velocity on the symmetrical airfoil due to the change

in angle of attack required to obtain L.a ,
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iminary Low-Drag --rt-ir foil and Flap Data from Tests at Large

nolds' Kumbers and Low Turbulence i by Eastman K. Jacobs,

H. Abbott and Llilton Davidson ^(CV-n.C if CD. 215)»

,he Theory of Wing oections with Particular reference to the

. i Distribution; by Theodoie Theodoresen; KACA Ti\ 383.

jeral Potential Theory of arbitrary Wing oections,' by T. Theodorsen

1 I. E. Garrick; NACA T.k. Uy^

.

r -1 -(1) "Spanwise /vir Load Distribution"

iculated and Measured Pressure Distributions over The Midspan

5tion of the N.a.C.a. 4^-12 «.ir foil; by iiobert M. Pinkerton;

ik T.K. 563.

?liminary Keport on Laminar - Flow Airfoils and Kew Methods
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Ehod for the Calculation of the Leading - Edge nadius of an
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OUTLINE OF r..GCLDl'Lii. FC;. i^IE

C^vLCUU^TIOK OF\Kli.FCIL K.KS.SUx.h DISTuIBUTlQKS

s can be seen from the general theory there are thi ee velocities

i'lnine: -i , the velocity due to the airfoil shape; -7—
, the

y increment due to camber (or to basic lift); and 4j^^ ,
the

y increment due to an^le of attack (or to additional lift).

re- is the velocity on the base profile as given in ..efeience 2,

3 luation merely reives the correction to the v-elocity for thicknesses

jrihan those cf Kefeience 2.

To quote a numerical exairple (not related to the subject airfoils):

; t desired to determine the velocity on the surface of the syrrimetrical

roL 63,4-022 at 0.25c

this is also the velocity increment due to airfoil thickness at the

rae of a cambered airfoil at the same station.

^a Co. is the velocity increment due to the camber line, oince the

line can be replaced by a vortex sheet, the velocities will add on

t^ of the airfoil and subtract on the bottom for positive lift.

^Tii --where Pis the load at any point on tlie camber line.

be approximated by the theoretical load, but should be obtained by

ating the camber line slope:

Jg

^t
By
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ntegral can be evaluated numerically by the rrethcJ ^Jver. in

and 4 where F = /<^V%'\ in 'nererei.ce 1).

cedure to be used is as follows:

''^ycJtovs G (not vs. i
)

r the x^lot of"3Y<:^\v3. O so that it intersects the line 6^0
eoretically d^ykc^^ at © = O ). This is illustrated in Fi*^ . 3

ational method of estitnatin^ ( qjomoQ ^^ shown ir. /i.cp«fidix D.

d off values of ^^\and^ ( I^A

9TT , IT .

^^

these values into the formula

at G ^ 0, 0.1 TT , 0.21T .. . .

(°^
0.1,,,.-f= [f.('|)],...; ^.e'y^... a™- (^'/^

l^^%o..o.,^ -('^
lerical values of the c o?ff icieuts CL ^ 'are ;

« 0.1000 a^ = 0.0503

« 0.3473 % = 0.0366

= 0.1572 ay = 0.0281

« Oc0996 ag = 0.0163

= 0.0691' a9 = 0.0080

^^y / Co is the velocity increment due to the circulaticn

ind a symmetrical airfoil lifting at C.^ " ^-s^

(C^ ^Co- Cm where ^ = f or a symmetrical a ir foil

)
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Defendants' Exhibit A—(Continued)

Page 42 of 60

Consolidated Viiltee Aircraft Corporation

San Diego Division

Model Airplane Report No. ZA-101, App. B

Appendix B

Proposed Airfoil Ordinates & Profiles

Page 43 of 60

Consolidated Vultee Aircraft Corporation

San Diego Division

Model Airplane Report No. ZA-101, App, B

Airfoil Ordinates

Airfoil and camber line ordinates were calculated

by the method outlined in Reference 7. These cal-

culations are summarized in Table I. Airfoil pro-

files calculated by the above procedure are given in

Figures 1 and 2.
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Consolidated Vultee Aircraft Corporation

San Diego Division

Model Airplane Report No. ZA-101, App. C

Appendix C

Span-Load Distributions





i

Consolidated Vultee Aircraft Corporation
San Diego Division

Model Airplane Report No *-»rt.-lUi, iv|I .

iiir.7
Haoi

Span Load calculations for elevhtor zei o and elevates

i[
10^ are ^iven in Tables 1 to IV. a erapbical estimation of

te stallin^^ character isi tcs of the revised winp i'ui tnese

evator conditions is .^iven in Figures 1 and 2.

P itching-moment calculations for the levised win,^,

evator zero, were made by the method employed in Zn-C36. For

iie estimation of full-scale results a correlation factor of 3

us applied to the calculated value ^iven iii Table 11. ns these

dilculations were made for a bare win^ a A^w^of -.0/, was added

) these values for the estimation of complete rac/del characteristics.

]fev3ous wind-tunnel tests of a tailless design show that this

•'itchinp:-moment increment is a fair avera^re for the change in

Uchinp'-moment due to the addition of fuselage, nacelles, etc.
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Defendants' Exhibit A— (Continued)

Page 56 of 60

Consolidated Vultee Aircraft Corporation

San Diego Division

Model Airplane Report No. ZA-101, App. D

Appendix D

Method for the Calculation of the Leading Edge

Radius of an Airfoil





s:

Consolidated Vultee Aircraft Coi^poration
San Diego Division

Model Airplane Report No Z^^- 1'-/1
, i^\ r , D

[QD FOu THE CxvLCUL^.TIOK OF THE LEaDIKG EDGE ImDILV GF :u\ ..luFCIL

(iv.efeience 8)

The following method is used for the calculation oT the

ifT edpe radius of an airfoil. The slope of the cQrri)er-lir.e at

)n [OjO] shown in Appendix B is estirr.ated in agreement with the

of the camber line at station ( O^ O ) as calculated by the pro-

5 outlined be] ow.

Leadinp: ed^^e radii and mear camber-line slopes at station (0.0)

':ie proposed revised winp airfoil section are:

iifi d i u s

xxoot

48 /c open

Tip

3 . 7_5 3i_/To^

^-.3667 -^

1.7159 -
/oo

olope

.1298

.3611

.5961

DTSGUlSSICK CF liXGi^JUi.'^

Kean LiKjt

Select the four^ points U) (B) (O (D) which are nearest to

leadinr ed^e and of which the A and Y coordinates are known^

By

Checked,

approved





Consolidated Vultee Aircraft Corporation page 5^ of 60
S«R ' • *

Consolidated \

San Diego Division

Model Airplane Report No Zi^- 101 , "PP. D

T:jn find the equation of the conic section throu^'h the four points

1 the origin. The radius of osculating circle at the orif^ln la

[cen as the leading edge radius.

Notation m « slope

b » y intercept

L « y-mx-b « is the equation of a
straight line

Subscripts A, B, C, D, refer to the points i., B, C, D,

Subscript \ refers to a line AB passing through ^ &- B.

Subscript 2 refers to a line CD.

Subscript 3 refers to a line aC,

Subscript U refers to a line BDo

Th en (1) niT
«' [A" ^w *

Similarly m2, m-^, m^, b2, ^^ & b^ are found.

Using the degenerate form of the general conic as the sum

I*

products of two linear equations.

)) (Li) X (Lg) ^ k (L3) X (Lj^) -

^) (y - mix -bi)(y-m2X-b2) + k(y-m3X-b3 )
(y-m^i-b^

) -

Imposing the condition that the conic has to pass through

oint (x = 0, y « 0) and solving for k gives

5)

aking x-derivatives of (4) yields

Approved





Consolidated Aircraft Corporation
San Diego California

inr)? ^
Pac.

Model Airplane Repor T No '<^».-lCl , /x; r . D

Jettii-c X = 0, y = ani solving for -^ y.1eld?^ the .'-lope of

coi. Ic at tbc oripin

b-j^ + b2 -^ k(b
3 " ^4

^».frair taking? x-der jvatives of (6) yields

y-mj^ x-bj_)
d2

dx'
{'^ - '^^)

( Hi - "-'2

^(fi-^iYi-'"^
. 2
dx

(y-mgx-bz

,[1,.„3,.,3) g ,2(f| -.3) (i-™,^

dx

ing for -^-^ and substituting x = 0; y = gives

dx^

dx^

2 {"(1 + k) mo -/mi + m2 + k {1113 4 m^ ) J
ro^ ^m^m^^ * km-^ m^J

bi + b2 + k (b^ + b/^)

It is now possible tc use the general equation for the radius

he osculating circle for point

3/2

(10) Ho [1 -^ ^o j

V dx2 Jo

The 'coordinates of the center .f the circle of. radius n are

By.
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Approved
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CpNSOLIDATED AIRCRAFT CORPORATION
San Diego Cai ifopNiA

Pag..i"o?U.o

Model. Airplane Report No 2u\- 101 , "pp. JJ

Ac enter

^c enter

Kn cos ©
sin ©

h, value of e may be lound^where \

1 Cdt <9« - rriQ or if no tables of fbnctions are avhilaDle

NIC

Admitted NovGi.iber 22, 1950.

By_

Checked

approved
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DEFENDANTS' EXHIBIT EE

The Glenn L. Martin Company Model B-26

Baltimore, Maryland Page No. 1

G.L.M. Engineering Report No. 1326

Wind Tunnel Investigation of the B-26

Stall Characteristics

Engineering Report No. 1326

The Glenn L. Martin Company

Baltimore, Maryland

July 19, 1940

Prepared by : A. J. Trimble, Jr.

Checked by: E. B. Schaefer.

Approved by : V. Outman,

Chief of Aerodynamics.

Approved by: Paul E. Hovgard,

Chief Research Engineer.
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Defendants' Exhibit EE—(Continued)

The Glenn L. Martin Company Model B-26

Baltimore, Maryland Page No. 2

G. L. M. Eng. Rep. No. 1326
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Defendants' Exhibit EE—(Continued)

The Glenn L. Mai-tin Company Model B-26

Baltimore, Maryland Page No. 3

a.L.M. Eng. Rep. No. 1326

Wind Tunnel Investigation of B-26

Stall Characteristics

After a reconsideration of the probable stalling

characteristics on the Model B-26 (Glenn L. Martin

Model 179) it was decided that instead of waiting

until the airplane is flown to see if tip stall occurs,

a change should be made to diminish the possibility

of poor behavior at the stall. An extensive test

program was conducted at the Massachusetts Insti-

tute of Technology, Wright Brothers' Wind

Tunnel, to determine the steps to be taken and the

results are reported herein.

The scope of the investigation, and necessarily

this report, was limited to those physical changes

deemed advisable on the actual airplane in order

not to delay delivery. Change in wing profile shape

has been confined, therefore, to an area forward of

the 10% chord line and outboard of Station 255 to

the tip. In addition, the use of spoilers was also

considered a possibility in the event that other

methods failed to produce the correct effects.

With these limitations in mind, it appears that

Leading Edge No. 2, illustrated on page 11 produces

the desired effect most efficiently. In the following

report, the justification of this choice will be

brought foi-th by first, a shoi-t discussion of the basic
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problems of wing stall; second, a description of the
model and tests

; and third, a presentation and dis-

cussion of the data.

Basic Considerations

The criterion for desired stalling characteristics
of an airplane must first be agreed upon, after
which several methods for obtaining these char-
acteristics are open to the designer along with meth-
ods for analyzing and predicting the results. In the

The Glenn L. Martin Company Model B-26
Baltimore, Maryland Page No. 4

G.L.M. Eng. Rep. No. 1326

case of the B-26, the field of possible wing design
in this stage of the airplane's construction is limited
because of a time consideration.

Desired Stalling Characteristics

The stall should start at the wing root to produce
the most desirable and safest effect. Such a condi-
tion will result in a reduced downwash at the tail

causing a diving moment tending to prevent the
pilot from increasing the angle of attack and stall-

ing the tips. Tail buffeting, a result of the turbu-
lent air from the stalled root sections, warns the
pilot that he has reached a stalled condition. A mid-
panel stall between the nacelle and inboard end of
the aileron causes neither serious tail buffeting nor
a diving moment. The desirability of completely
eliminating tip stall is universally recognized.
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Design Methods and Limitations

The desired stall may bo regulated; first, by \var]v

ing the wing either geometrically or aerodynamic-

ally; second, varying plan form shape, i.e., taper

ratio; third, varying thickness ration along the

span; fourth, using slots to delay the stall; fifth,

using spoilers to cause stall.

The section of wing available for design change

to assure root stall is illustrated on page 10. These

limitations narrow the field of design methods to a

leading edge change which might incorporate a slot,

or a drooped nose effectively warping the tip of the

wing. There is no design limitation on the use of

spoilers.

In addition to physical limitations, further re-

strictions are present because the root stall must

be obtained with the least possible increase in drag

and the greatest possible increase in maximum lift.

The Glenn L. Martin Company Model B-26

Baltimore, Maryland Page No. 5

G.L.M. Eng. Rep. No. 1326

Methods of Stall Analysis

The stall of the B-26 wing has been analyzed

both at full scale Reynold's Number and Model

Reynold's Number in accordance with the method

set forth in NACA Technical Report No. 572. The

results appear on pages 12 and 13. Approximate

values of C^^^axand AC^ 's due to varying Reynold's

Number were estimated from the data available on
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the standard symmetrical airfoil series, (NACA
00—) with the maximum thickness at the 30%
chord station. Since the Model B-26 wing contours
are those of the NACA 00—64 airfoils with the
maximum thickness at the 40% chord station, it is

very likely that some discrepancy may exist in these
stall diagrams.

The knowledge that the model did not stall
exactly as indicated by the stall diagram, but nearer
the tip, led to an investigation of the possibilities
of correcting this condition, for the same discrep-
ancy might exist on the full scale airplane. Such a
condition would be aggravated by propeller wash.
For these reasons, a study of the changes possible
on the airplane and subsequently a complete test
program of the various corrective possibilities has
been undertaken.

Method of Test

The test program was conducted in the Massa-
chusetts Institute of Technology Wright Brothers'
Wind Tunnel with an i/g scale model of the B-29
which conformed in all respects to the airplane as
being built.

Apparatus

The model used in this program was identical
with the one used in previously reported tests
(E.R. 1308). The leading edge of both wings was
cut out as shown on page 10 to accommodate various
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The Glenn L. Martin Company Model B-26

Baltimore, Maryland Page 6

G.L.M. Eng. Rep. No. 1326

leading edges which are illustrated on page 11. In

addition the old B-26 model with the twisted wing

(2° washout) was also tested. Flaps, airflow and

Block Nacelles were available for the model.

The wind tunnel is equipped with a grid which

raises the normal turbulence factor of 1.015 to 2.5.

The speeds used were 125 M.P.H. with the grid and

150 M.P.H. without the grid. The accuracy obtain-

able in coefficient form for this model is

:

Cd = .0002

Cl = .002

Procedure

To determine stall characteristics, pictures of

tufts were taken at various angles of attack with

the different leading edges at the same time lift

data were taken. Tufts have no effect on lift in this

particular case (Page 14). For these stall runs, the

grid was used in the tuimel, and the model was

equipped with airflow nacelles and deflected flaps

(55°) because this configuration results in the most

undesirable stall pattern, and is most likely to agree

with flight conditions. The tail was not on the model

during these runs because of the hkelihood of severe

buffeting. The airspeed was 125 M.P.H.

For drag tests, the model was equipped with block
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Defendants' Exhibit EE—(Continued)

nacelles, flaps zero, and tail in place. No grid was
used in the tunnel and the airspeed was 150 M.P.H.
In addition to these tests, unsymmetrical stalls

were investigated.

Discussion

The lift and drag results and stall pictures are

self-explanatory for the most part, but the choice

of the best compromise is not quite as apparent
from these data as it might be. The justification of

the final choice is discussed in the following section.

The Glenn L. Martin Company Model B-26
Baltimore, Maryland Page No. 7

G.L.M.Eng. Rep. No. 1326

Results

Pages 15 to 22 illustrate the stall patterns and
lifts developed by the various leading edges. For
the most part, the stalls were symmetrical. Oc-
casionally a root stall occurred on the right side

before the left wing had stalled. In the case of the

No. 2 leading edge, as shown on page 16, the right

wing stalled first at the aileron. The left wing could

not be stalled. Close inspection showed slightly

more camber in the left side than in the right. Pre-
mature stalling of one wing delays the stall of the

other wing. By deliberately stalling the left wing
with spoilers along the leading edge, the right wing
was found to stall 1 to 11/2 degrees later than with
the left wing unstalled. Hence, an apparent differ-

ence in stall commencement of 2 degrees between
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the right and left wing may be brought about by a

1/2 degree discrepancy in wing contours or stream

rotation. To correct for this condition, the riglit

wing with the No. 2 leading edge was mudded to

attempt to develop a symmetrical stall. The CL^ax

obtained is shown on page 24 and is considered the

best estimate of the performance of this design.

A drag summary plot appears on page 25. On

page 26 the drag of spoilers used to produce a root

stall with leading edges numbers 1 and 2 are

plotted.

Stall Characteristics and Ci^max

Inspection of this data indicates that no leading

edge satisfies the requirement that the stall start at

the root. Reference to the stall characteristics plots

on pages 12 and 13 shows that at full scale

Reynold's Number, there should be a tendency for

the root to stall relatively sooner with respect to

the tip than at model scale Reynold's Number.

Leading edges Nos. 3, 6, and 7 satisfactorily delay

tip stall but create a stall in the mid-panel, an un-

satisfactory condition, and it very likely that scale

effect will not be great enough to transfer this mid-

The Glenn Martin Company Model B-26

Baltimore, Maiyland Page No. 8

G.L.M. Eng. Rep. No. 1326

panel stall to the root. In other words, a leading

edge design permitting the tip sections to reach too

high a lift coefficient when the wing sections ad-

jacent to this leading edge change are approaching



1082 Consol. Vultee Aircraft Corp., etc.
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a stall condition, will hasten the stall in these un-
changed mid-panel sections. Too great a delay in

tip stall must be avoided, or drastic spoiling of the
root section lift will be required, resulting in a very
low overall maximum lift coefficient. Verification of

this fact is apparent in the maximum lift com-
parisons of page 23, where the No. 7 leading edge
affords a lower overall 0^^^^ than the No. 2 lead-

ing edge.

From the stall standpoint, the No. 2 leading edge
is the best solution. Qj^^^^ is increased .22, (page

24) indicating a delayed tip stall which is verified

by the stall pictures. Scale effect enhances the use
of this leading edge because the stall characteristic

plots of pages 12 and 13 show an increased margin
at the tip and decreased margin at the root; at the

same time, leading edge No. 2 will not effect a large

enough change in lift distribution to bring about a
premature stall in the mid-panel. Admittedly, a root

stall is not produced on the model by the use of this

design, but scale effect will tend to change the stall

characteristics of the model, moving the stall in-

board to the root.

If this condition is not realized in flight, it may be
obtained by placing small spoilers on the root sec-

tion similar to those tested on the model (page 10)

.

The change in lift caused by the spoilers is plotted

on page 24. The actual lift and stall pictures are
shown on page 21. Should the spoilers be needed in

flight, the resulting airplane characteristics will be
more acceptable than with any other leading edge
design, for, as already pointed out, the other leading

edges would produce a very definite mid-panel stall
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which could necessitate large spoilers on the i-oot

section to move the stall inboard. The result would

be a very marked decrease in CLmax ^^^ ^ great

increase in drag. A root stall may be produced on

the original wing with spoilers but the resultant

CLmax is extremely low in comparison with leading

edge No. 2 (page 24). Comparisons of the original

twisted B-26 wing and the more recent wing show

very little difference in stall characteristics or

CLmax (pages 15 and 22).

The Genn L. Martin Company Model B-26

Baltimore, Maryland Page No. 9

G.L.M. Eng. Rep. No. 1326

Drag

In addition to affording the best compromise in

CLn^axand stall pattern, the No. 2 leading edge has

less drag than any of the other configurations.

Should the spoilers be found necessary, the drag is

also slight. The comparisons of the No. 1 and No. 2

leading edge drags with spoilers is shown on

page 26.

Conclusions

As a result of this investigation, the No. 2 leading

edge is being incorporated in the design of the B-26

wing.

In case the stalling characteristics are not quite

satisfactory in flight, it will be possible to com-

pletely correct it by adding a spoiler similar to those

tested on the wind tunnel model.
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vs. Maurice A. GarbcU, Inr. 1100

In the United States Court of Appeals

for the Ninth Circuit

No. 12885

CONSOLIDATED VULTEE AIRCRAFT COR-

PORATION, a Dehwvare Corporation, and

AMERICAN AIR LINES, INC., a Delaware

Corporation,

Appellants,

^' vs.

MAURICE A. GARBELL, INC., a California

Corporation, and GARBELL RESEARCH
FOUNDATION, a California Corporation,

Appellees.

STIPULATION AND ORDER

It Is Hereby Stipulated by and between appel-

lants and appellees under the provisions of Rule

76 (h) that the record on appeal may be sup-

plemented to include the following material omitted

from the record on appeal:

(a) The affidavit of Theodore Roche, Jr.,

executed January 31, 1951, filed in opposition

to Defendants' Motion for New Trial.

(b) The afiida\4t of Maurice A. Garbell,

executed January 30, 1951, filed in opposition

to Defendants' Motion for New Trial.

(c) This stipulation.

Ajid that this stipulation constitute a designation

of the supplemental record to be printed as a sup-

plement to the record heretofore filed in this cause

and that the attached constitute true copies of the

affidavits of Theodore Roche, Jr., and Maurice A.
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Garbell hereinabove identified and that the supple-

mental record so designated by this stipulation may
be printed and will constitute a supplement to the

record on appeal.

This stipulation is entered into at the request of

appellees, and appellants consent thereto only upon
the condition that their time for filing their open-

ing brief on appeal be continued and reset to com-
mence upon the clerk's mailing to appellants copies

of the printed supplement to the printed record

referred to in this stipulation, such time to expire

not earlier than September 16, 1951.

It Is Further Stipulated that the cost of printing

the supplement referred to herein shall be borne by
appellees.

Dated August 14, 1951.

HARRIS, KIECH, FOSTER &
HARRIS,

/s/ FORD HARRIS, JR.,

Attorneys for Appellants.

LYON & LYON,
/s/ LEWIS E. LYON,

Attorneys for Appellees.

So Ordered:

/s/ WILLIAM DENMAN,

Judge of the United States Court of Appeals for

the Ninth Circuit.

/s/ CLIFTON MATHEWS,

/s/ H. T. BONE,

Judges U. S. Court of Appeals for the Ninth
Circuit.
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District Court of the United States, Soiitiicrn

District of California, Central Division

Civil Action No. 10930-Y

MAURICE A. GARBELL, INC., a California Cor-

poration, and GARBELL RESEARCH
FOUNDATION, a California Corporation,

Plaintiffs,

vs.

CONSOLIDATED VULTEE AIRCRAFT COR-

PORATION, a Delaware Corporation, and

AMERICAN AIR LINES, INC., a Delaware

Corporation,

Defendants.

AFFIDAVIT OF THEODORE ROCHE, JR.

State of California,

County of Los Angeles—ss.

Theodore Roche, Jr., being first duly sworn, de-

poses and says

:

That at all of the times herein mentioned affiant

was, and is now, one of the attorneys of record for

the 'plaintiffs in the above-entitled action, and as

such has read and is familiar with defendants' Mo-

tion for a New Trial, together with supporting affi-

davits hereinbefore filed herein.

Addressing himself to the grounds of said Motion

for New Trial of (1) surprise and (3) newly dis-

covered evidence, affiant states the following:

Trial of this action commenced at 10:00 a.m..
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Tuesday, November 21, 1950. Prior thereto and on
the 3rd day of August, 1950, by stipulation, defend-
ants took the deposition of Maurice A. Garbell, the

inventor of the patent involved herein. Said witness
was questioned by Mr. Fred Gerlach, one of defend-
ants' attorneys of record, who at all times during
the taking of said deposition was assisted by Mr.
Glendon T. Gerlach, the patent director of Consoli-

dated Vultee Aircraft Corporation.

No restrictions or limitations of any kind were
placed upon the examination of said Maurice A.
Garbell, and said defendants, through their counsel,

were afforded full opportunity to, and had they so

desired, could have questioned the said Maurice A.
Garbell fully, completely and in detail concerning
all of the matters, and each of them, ultimately tes-

tified to by him during the trial of said action, and
by such questioning could have ascertained the name
and whereabouts of each person referred to by Mr.
Garbell in said testimony, including those in-

dividuals named in defendants' Motion for New
Trial, to wit: Harry B. Chin, Theodore P. Hall and
Donald A. Hall.

This action was commenced in January, 1950.
Long prior thereto defendants fully knew that the
said Theodore P. Hall and Donald A. Hall were
employed by defendant. Consolidated Vultee Air-
craft Corporation during the entire period of em-
ployment of Maurice A. Garbell by said last named
defendant, and that the said Theodore P. Hall and
Donald A. Hall were possessed of knowledge which
had direct bearing upon the activities of the said
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Maurice A. GarbcU during tlie period of his <'m})loy-

ment by defendant, Consolidated Viiltee Airci-aft

Corporation, with relation to the subject matter of

the invention referred to herein.

In the year 1948 affiant was engaged in investi-

gating the truth or falsity of the facts as related to

him by Maurice A. Garbell in order to determine

whether or not to accept employment in a ])roposed

action against defendants herein based upon the

alleged infringement of the patent in suit. In the

course of such investigation affiant had several con-

ferences with Mr. Glendon T. Gerlach, who tlien

was and is still Patent Director for Defendant, Con-

solidated Vultee Aircraft Corporation. Among

other things affiant informed Mr. Gerlach that Mr.

Garbell claimed that he had suggested the use of

his patented wing to defendant, Consolidated \u\tee

Aircraft Corporation, at every opportunity during

a period commencing within a few weeks after the

start of his employment by said defendant and last-

ing during the entire term of said employment.

On or about the 21st day of July, 1948, at the

prior suggestion of the said Mr. Glendon T. Gerlach,

affiant visited the plant of defendant, Consolidated

Vultee Aircraft Corporation, at San Diego, Califor-

nia, the said Mr. Gerlach and affiant together then

interviewed and questioned the following persons:

Theodore P. Hall, Donald A. Hall, Ralph Bayless

and Kenneth E. Ward, all of whom were then and

there working at the said plant of defendant. Con-

solidated Vultee Aircraft Corporation. Each in-

dividual was interrogated by affiant and by Mr. Ger-
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lach as to his knowledge of the patented Garbell
wing and the suggestions of its use as made by Mr.
Garbell during the term of his employment by de-
fendant, Consolidated Vultee Aircraft Corporation.
Upon the conclusion of said interviews, the said

Glendon T. Gerlach made a statement to affiant in
substantially these words

:

"At the outset I was sure Garbell had never men-
tioned his wing, but after hearing the men today
I am convinced Garbell tried to push the use of his
wing at every opportunity."

In the early part of August, 1948, the said Mr.
Gerlach and affiant had a further interview with
Donald A. Hall at the plant of said defendant, Con-
solidated Vultee Aircraft Corporation, relating to
the same subject matter. During one of the confer-
ences held between affiant and the said Glendon T.
Gerlach there was placed in affiant's hand by Mr.
Gerlach a copy of an analysis of the Garbell patent,
which analysis was signed by the said Donald A.
Hall and which has been introduced in evidence in
this case by plaintiffs as their Exhibit 21.

The Ralph L. Bayless and Kenneth E. Ward
above referred to testified on behalf of defendants
at the trial of this action. The said Glendon T. Ger-
lach, Patent Director of defendant, Consolidated
Vultee Aircraft Corporation, assisted defendants'
counsel in the preparation and trial of this action
and he had actual knowledge of the connection be-

tween Mr. Garbell, the inventor, Theodore P. Hall,
Donald A. Hall and defendant, Consolidated Vultee
Aircraft Corporation, as hereinabove set forth. De-
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fendants did not call the said Tlieudorc 1*. Hall and

Donald A. Hall as witnesses.

On the 3rd day of July, 1948, while investigating

the facts of this case as hereinabove set forth. Tor

the first time affiant interviewed Mr. llai-ry B. Chin,

and upon that occasion took a statement from him.

It had been explained to Mr. Chin that a statement

from him was desired upon the ground that Mr.

Garbell was dealing with a potential licensee of his

patented wing and that we desired to ascertain if

there was proof of invention prior to the employ-

ment of Mr. Garbell by the potential licensee. Said

statement w^as taken by affiant at his office, not in

the presence of Mr. Garbell, was voluntarily given

by Mr. Chin; said statement was taken down in

shorthand by the secretary of affiant, thereafter

transcribed in the office of affiant, such transcription

being as follows

:

''Mr. Roche: What is your full name?
'

' Mr. Chin : Harry Bradford Chin.

"Q. And the address?

"A. My present address is 715 Commercial

Street—that is where I pick up all my mail—my

family live there ; although I have an apartment of

my own at 1060 Powell Street.

^'Q. At the present time you are employed?

"A. By United Airlines.

''Q. In the San Francisco office?

"A. Yes, at Mills Field.

''Q. In what capacity?

"A. Aerodynamic performance engineer.

''Q. You know Dr. Garbell? A. Yes.
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''Q. Do you recall when you first met him?
''A. I first met him when I was working in the

Boeing School already, and Dr. Garbell came right
after a Mr. Thorpe left, which I guess was in No-
vember, or thereabouts—October or November—of
1939, or thereabouts, I believe.

''Q. The Boeing School that you refer to is

located here?

''A. Yes, at Oakland Municipal Airport.

"Q. Tell me, was that school established by Boe-
ing Aircraft Corporation, or was it established by
the Government?

''A. It was established by—through donations
of W. E. Boeing, way back in 1929, before the con-
solidation of airlines, which was later called United
Airlines—part of Boeing Transport and Boeing Air
Company—before the mail cancellation in 1934.

''Q. It was established as sort of a foundation,
by Boeing personally, from his own funds, I gather?

''A. Yes.

''Q. And the purpose of the school was what?
They instructed and—

~

''A. Yes. You might say it is a trade school, and
it is a source from which Boeing Air Transport and
National Air Transport and quite a few of the air-

lines draw their personnel—their mechanical per-
sonnel.

'^Q. You went there first when?
''A. I went there first as a student in 1934.

"Q. To become an engineer?

"A. At that time there was no engineering
course. I took what they call a Master Mechanic
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course and Design Subjects, and so lortli. It is a

regular mechanics school as well as a Hying school.

"Q. They taught flying also ? A. Yes.

^'Q. That was in 1934? A. Yes.

*'Q. At that time were the air lines drawing on

that school for their personnel*?

''A. Yes, considerably, because there is a place-

ment bureau opened by Boeing School, which helped

the graduate to obtain jobs in the industiy.

''Q. Did they charge a student going there ? Did

he have to pay for his tuition'? A. Yes.

''Q. It was a regular trade school, in the ac-

cepted sense? It wasn't maintained by the air lines'?

They didn't pay
'

'A . No, it was self-supporting.

"Q. You started there in 1934, and as a student

you were at the school how long?

'^A. One year. Not quite one year. In fact, the

course w^as a nine-month course and I graduated

and then I took a couple of months of postgraduate

work, so making it, all in all, eleven months. Then

I became an instructor in aeronautics at the same

school.

^'Q. You became an instructor the latter part of

1934, or 1935?

'^A. No. The latter part of 1935.

"Q. And you were instructing in what capacity!

"A At first—the first few montlis I was a reader

in the Aerodynamics and Strength of Material De-

partment, as well as assistant instmctor m Draft-

ing and Designing.

-Q. That latter subject-was that the drafting
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and designing—was that airplanes or planes as a
whole, or wing design or body design %

''A. Generally complete ships.

"Q. Did you continue in that particular field, or
did you progress into other subjects, and between
1935 and 1939—there is a four-year period—you re-

mained at the school?

''A. Yes. During those four years, while I taught
a variety of subjects, including mathematics and
aerodynamics and mechanical design and illustra-

tive and descriptive geometry.

''Q. Along the latter part of 1939 you say there
was a Mr. Thorpe. Was he an instructor?

^'A. Yes.

''Q. And he left there? A. Yes.
''Q. And Dr. Garbell came to take his place ?

*'A. Not exactly to take his place
;
you might say

as far as the lecture material was concerned. While
the instructors do teach the various material, and
when Mr. Thorpe left there was an opening, ob-
viously, and I believe Mr. Garbell was hired on that
open requisition.

''Q. There was an opening and he was employed,
as far as you know, to fill it ?

''A. Yes. Because I took over most of Thorpe's
subjects after Thorpe left, which was mainly design.

''Q. Plane design? A. Yes.

''Q. I suppose it is true, Mr. Chin, that during
those four years, in connection with the field of
plane design, that you had given a lot of attention
and a considerable part of your work dealt with
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wing design, and the structure of wings, aiul tlic ail-

forces'? That is true, isn't it?

*'A. That is right.

*'Q. Did you teach or lecture students on tliosc

subjects'?

"A. Yes. Simultaneously during those four

years Mr. Thorpe and myself designed two air-

planes for Boeing School of Design, and both those

airplanes were built by the school and flown by the

school.

''Q. What type, single motor?

**A. Single-motor, two-seater trainers.

"Q. Did you embody any new principles of de-

sign in those planes, either in the wing, or in any

fashion, from what had preceded the trainers?

There was some change, wasn't there?

''A. There are changes going on at all times, due

to past knowledge. I would say the airplanes that

we designed were strictly conventional types, be-

cause we designed it as a trainer; so, therefore, any

characteristics of the airplane should be, of neces-

sity, conventional, and those characteristics are

known; so that the aii^lane, when done, would be an

honest, conventional, othodox airplane?

''Q. There wouldn't be any radical change in it,

then. Is that correct? A. Yes.

''Q. But in the field of aerodynamics and the de-

signing of planes, and wings in particular—during

those four years you gave great study ^to different

types of wing construction? A. Yes.

''Q. And principally dealing with the effect of

air flow over the wing surface, isn't that correct?

"A. Yes.
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''Q. Now at the time there already had been
some well-known patents issued on or covering wing
design? A. Yes, there were.

''Q. For many different types of wings; but
there were some major types which were in general
use. Isn't that correct? A. Yes.

"Q. And you were familiar with them?
^'A. Yes.

''Q. Now, tell me, Mr. Chin, it is true, isn't it,

that the goal toward which a plane designer goes
is to design a wing which has very good stalling

characteristics ? A. Yes.

"Q. In other words, everybody designing a
plane, or a wing for a plane, for general use at-

tempts to eliminate, if they can, stalling character-

istics. Is that right?

''A. No. I do not believe that is a correct state-

ment, because I do not believe you can entirely

eliminate stalling. You might say we try to elimi-

nate any violent characteristics accompanying a
stall, and, if possible, have sufficient warning before
a stall.

''Q. In other words—let me put it this way: the
result which you would seek to achieve in designing
the wing would be that in performance violent re-

sults would tend to be eliminated from the stalling

characteristics, first A. Yes.

'^Q. And, secondly, or as a part of it, the design
in operation would cause the wing to give a warning
that a stall was approaching. Is that correct ?

''A. That's right. You might put it that way,
more specifically

: an airplane that has honest stall-
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ing characteristics should be desiKiiod such that a

stall is unaccompanied by any rolling motion of the

airplane, and that can be done—whatever the means

is a different story—by moving the point at wliidi

the complete wing first stalls—by moving tliis i)oint

inboard, closer to the fuselage. Jf the initial stalling

point is out toward the wing tip, obviously any

stall would be accompanied by a rolling motion of

the airplane, and if the stall point is inboard or

closer to the fuselage of the airplane, then when the

airplane does stall, it will stall and fall straight

ahead, unaccompanied by an violent rolling mo-

tion. In other w^ords, it will just pitcli until its

usefulness is again obtained, by pitching of the

nose downw^ards.

"Q. In other words, the nose would pitch dow^n-

wards, so that the plane would tend to drop, and

thereby gain speed, so that the stall of the wing

would be again overcome. A. That's right.

^'Q. In the case w^here the stall is accompanied

by a veiy violent rolling motion and a plane does

get into a stall, does a spin result in the plane ?

''A. Generally, yes.

''Q. And then that is almost impossible to pull

out of, is that right, in these larger planes?

"A. Not exactly; if the airplane is what we call

dynamically stable, the airplane will come out of

a spin, with the controls neutral, by itself within

11/? rolls. You might say if the airplane^ has gotten

into a spin and the controls are neutralized, and the

hands and feet are off the controls, the airi)lane

should be able to pull out of a spin within 1M> roll-
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ing motions of the airplane—and by itself; if the
airplane were dynamically stable. Of course, you do
have the catastrophic type, that gets worse and
worse as it spins, but if the airplane were designed
correctly it would come out of it.

''Q. Had you known Dr. Garbell, or known or
heard of him, prior to his coming to the Boeing
School? A. No, I had not.

''Q. So that the first time you ever heard of him
or met him was after he became employed as an in-
structor at the school ? A. Yes.

''Q. This was in 1939? A. Yes.
''Q. At that time, with the general world condi-

tions being what they were, had the government
stepped into the picture in any way in connection
with that school? A. No.

''Q. However, due to certain security rules and
regulations which were in existence, a person who
was not a citizen of the United States could not
work or have any connection with any of the air-
plane manufacturers and buiders at that time. Is
that true? Were you aware of that?

"A. I believe that has been the practice of all

the major companies, to hire only citizens or per-
sons who have taken out first papers.

''Q. Let's say this: Dr. Garbell was at the school
from October or November of 1939, according to
your recollection, until when? About?

''A. He left to join Pan-American Air Ferry
Group, let us say—I would say somewhere in 1941.
"Q. To the best of your recollection, in round

numbers, he was at the school approximately two
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years, we will say. That is coiTeet'? A. Yes.

"Q. Duiing that two-year i)eriod, did you be-

come acquainted witli the doctor? A. Yes.

'^Q. Were you working together in connection

with any projects of the school*?

"A. Not any particular project, no; but as far

as teaching courses, yes. In other words, for in-

stance, when Dr. Garbell left—he left in the middle

of the semester, as it were—I took over a couple of

his courses.

"Q. What courses did you take over?

*'A. I took over the differential calculus course

from him and also the strength of materials course

from him.

''Q. Did Dr. Garbell teach or lecture in con-

nection with a course on plane or wing design, do

you recall?

"A. I was the chief instructor in design at the

time he left, although Dr. Garbell taught some

aerodynamic courses—which ones I don't recall.

"Q. Now, tell me, Mr. Chin, during the time

that Garbell was at the school there, did you become

pretty well acquainted with him? A. Y^'es.

'^Q. And I suppose that in connection with your

work you had frequent discussions of problems, is

that right? A. Yes.

''Q. And, of course, you both were interested in

everything connected with aerodynamics and planes,

that's true? A. Yes.

"Q. And during that time I suppose you had

many, frequent discussions and conversations con-

cerning problems in a general way-unconnected

with your school work, as we may say; in other
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words, looking at the aerodynamic field in its broad
plane. Is that right? A. Yes.

''Q. Now, tell me something, Mr. Chin: At any
time while Garbell was at the school during that

two-year period, did you ever hear him discuss, or

did he ever tell you anything about, a wing design

which he had conceived, which had good stalling

characteristics and consisted of a three-section wing,

wherein the air foils were changed in some fashion,

or any fashion, from what might be said to be the

standard arrangements ?

''A. He mentioned to me a certain principle that

could apply to accomplish the same thing that I was
trying to work out in order to get a different prin-

ciple, which is not completely unorthodox, on which
certain information were available already from
NACA reports.

''Q. The information from the NACA reports

which you just referred to was made available

when?

''A. The NAC Reports were made available at

all times because the school subscribes, and I myself,

personally, subscribed to it, and those reports come
in periodically.

''Q. The information you refer to dealt with
what particular subject—calibration of air foils'?

''A. No, it dealt with—it isn't covered by just

one report, it is covered by several reports. One is

on the effect of lift characteristics as a function of

the Reynolds number.

''Q. The Reynolds number relates to air foils,

doesn't it?

''A. It relates to air foils in this way: it has to
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do with scaleeffect or size oJ' the air foil; the; scale

effect of an airplane as compared with that of a

tested air foil.

*'Q. At that time, did these NACA reports have

worked out what you might say the family curve <tf

the airfoils •? A. Yes.

''Q. From what you have said, I understand that

for some time you yourself had been attemptin.t; to

work out some principle of wing design utilizing

the information in these reports'?

**A. Yes, that's right.

''Q. In connection with your work on that idea,

had you considered changing the scale, or graduat-

ing, I may say, the scale of the air foils from one

section of the wing to the other?

''A. The size, or length, of the air foil, of neces-

sity, does change, because of the root length, due

to the plane—the form of the wing, long at the

root and shorter at the tip; but at no time did I

try to change the camber of the air foil not related

to the same family. If I started, let us say, at

23,000 c's, I retained 23,000 c's right to the tip.

The only variation is on the width of the root.

^'Q. I follow you. Under your plan, the corre-

sponding points of the different air foils would he

connected by straight lines?

"A. That is right. That is exactly what 1 am

trying to do, to get away from complicated stiiic-

ture.

"Q. I suppose that, with this in your mnid, it

was a natural consequence that you eventually got

into a discussion of these principles with Dr. (Jar-

bell?
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''A. Yes. In fact, I had worked out the data

already, showing that if I twist the wing tip, using

the same family air foils, 3 degrees, I would have

moved the stall inboard, which is a conventional

method, using this NACA information which I

have just mentioned, because it was a function of

the Reynolds number.

''Q. When you mentioned this to Garbell, of

course, that sort of opened the door for a discussion

of these matters? A. That's right.

"Q. And at that time did he say that he had
worked out the principles to be used in a wing de-

sign!

''A. Yes. He mentioned in this broad sense, in

the way of conversation, that the same thing I was
trying to accomplish could be done by a different

method which he had worked on before. But I

have not seen any detail of the work, although

he mentioned that the end result could be accom-

plished by a different principle.

"Q. Do you recall at any time, in conversations

with you, or in any lecture, or anything like that,

that Dr. Grarbell referred to a three-section wing
utilizing these principles'?

''A. I do not recall the number of sections, but

he mentioned to me that it could be done by switch-

ing sections—that means switching the family rela-

tion of the air foil; but I do not recall how many
sections it required, how many switches it required.

"Q. You do recall he mentioned that this same
thing could be done in more than one section on a
wing? A. That is right.

"Q. And by switching the family curve of one
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section as distinguished fruni anotlicr, tlie two sec-

tions, or as many sections as there were, would

differ, one from the other? A. Yes.

*'Q. Now, the purpose of utilizing that principle,

I take it, would be to move the stalling point of

the wing inboard from the tip?

**A. That's right.

'*Q. Particularly away from the ailei'ons?

*^A. You don't have to move all the way in-

board; and the ailerons generally covering the tip

point of the wing—moving them inboard so as to

permit a certain degree of control over the ailerons

even during stalling.

'^Q. You do recall the doctor saying that he had

already worked that principle out?

''A. I have not seen any detail of the work,

but he did say that he had worked on that par-

ticular principle. Let us put it that w^ay.

"Q. Did you ever learn that prior to that time

he had utilized this principle in connection with

the construction of gliders that had flown? Do you

recall that?

"A. I don't recall that he had built one—

w^hether he did say that he had built one—but in

other conversations he mentioned that he had built

gliders before, his being a cai)tain of the Italian

Olympic Glider Team, or something like that
;
but

I don't recall definitely whether he had actually

used this particular principle in any of the gliders

he may have built; but I do recall, in many other

conversations, that he had built gliders before;

whether he had applied that pi-inciple or not, I do

not know, because when he mentioned this ])ai-
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ticular switching of wings to me, I agreed with

him at that time, offhand it sounded all right, but

my comment at that time was that probably it

would give considerable structural difficulty in not

having to pass straight lines between corresponding

points on the wings, and complications would arise,

wing jigs, and things of that sort. It is a mechani-

cal problem, an aerodynamic problem.

''Q. Of course, such a wing, being built in sec-

tions, with different family cuiTes in connection

with the air foils, would present, I might say, a

broken-line appearance of the completed wing, as

distinguished from a straight-line appearance, from
fuselage to wing tip. Is that correct?

''A. Yes. You see, I taught descriptive geometry
and drafting, along with the design course, and
anything complicated like that I would immediately

see a structural or mechanical problem that would
be difficult to overcome, so I did not pursue it any
further, with the discussion we had, nor did I even
try it myself, because of the mechanical difficulty

that I would see.

''Q. Nothing was worked out? A. Yes.

"Q. In these discussions, Mr. Chin, where you
and Dr. Garbell were conversing about this par-

ticular wing, would you say that those conversa-

tions were had in 1940?

"A. Yes. I would say during 1940—about that

time.

''Q. Did they occur upon more than one time,

or was the subject referred to now and then

"A. It was never a continuous discussion, you
might put it that way. Oh, maybe one or two other
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discussions after that. But 1 did i-ccall this one

particular time, where 1 had just compU'ted iny

study of using the NACA data, at which time we

discussed it, you might say, after hours, an hour;

maybe a couple of times afterwards, maybe get ten

or fifteen minutes of general discussions; })ut I

don't recall that we pursued that discussion much

further, because we had other problems to discuss.

'^Q. At any time during these discussions, when

the subject was mentioned, did Garbcll use any

figures or refer to any formula in connection with

this principle? A. I do not recall.

''Q, You have no such recollection?

''A. I have no recollection on that, although,

quite naturally, I talked with a pencil and paper

a lot of the time and he talked with a pencil and

paper a lot of the time; but I don't recall that lie

drew out any particular formula or

"Q. Do you think during these discussions both

of you or one of you drew sketches? Would you

say that took place or did not take place?

''A. I would say from my own habits that it

probably took place, but I do not recall what we

drew.

"Q. Now, Mr. Chin, do you believe that you

could state to me, in all fairness, from wliat you

heard Dr. Garbell say, that at that time ho Iiad

conceived and worked out this principle or a i)rin-

ciple of wing design which could be applied to

more than one section, so that there would be a

dissimilarity of family curve of air foils between

one section and the other?

'*A. I would say, from the impressions that I
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had at that time, that he had conceived the idea;
but I have no knowledge that he had worked it out
completely, because we did not pursue it in any
detail, only on the surface

''Q. Now, I am going to put a question to you
somewhat in the nature of considering you as an
expert here. Suppose I would say to you that those
principles had been used in the construction of a
wing placed upon a glider and that the glider had
successfully flown. Under those circumstances,
would you believe that the principle had been
worked out?

^'A. Yes, you might say that would be the test
or proof.

''Q. As to whether the thing had been worked
out or not? A. Yes."
Upon diverse occasions prior to the commence- fl

ment of the trial of this action affiant requested M
the said Harry B. Chin to testify upon the trial of ^
said action on behalf of plaintiffs as to the sub-
ject matter contained in Mr. Chin's statement as
hereinabove set forth. At all times Mr. Chin re-
fused to testify.

Further affiant sayeth not.

/s/ THEODORE ROCHE, JR.

Subscribed and Sworn to before me this 31st
day of January, 1951.

[Seal] /s/ FRANCES L. RICHMOND,
Notary Public in and for

Said County and State.

Comm. expires Mar. 7, 1954.

[Endorsed]: Filed February 5, 1951, U.S.D.C.



vs. Maurice A. Garhcll, Inc. ir.U

[Title of District Court and Cause.]

AFFIDAVIT OF MziURICE A. Ox\R]5ELL

State of California,

County of Los Angeles—ss.

Maurice A. Garbell, being first duly sworn, de-

poses and says:

That he is the Maurice A. Garbell who has pre-

viously testified in the above-entitled cause and that

if called to testify further would state as follows:

That he has read the reports referred to in the

affidavits of Harry C. Matteson and William W.

Fox and the conclusions reached by these men as

to what the reports of California Institute of Tech-

nology, Galcit Report 504C, dated April 11, 1947,

and C.V.A.C. Report ZA-240-008 and C.V.A.C.

Flight Test Report of Flight No. 7 of the Model

110 airplane of August 19, 1946, show.

Further, affiant states that these reports do not

show the Convair 240 airplance as certificated and

sold; that alterations of the nacelles, wing fillets,

ailerons and flaps were made to the airplanes as

certificated and sold in order to permit the wing

to stall as described in the patent in suit, and that

in the airplane as certificated and sold the stall

inception is over a large inboard area and that this

stall progresses inboardward toward the root of

the wing and that the stall of said airplane is not

a root stall such as I defined a root stall in my

testimony.

That Exhibit 35 discloses that after the altera-
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tions to the nacelles, the wing fillets, the flaps and
the ailerons, the airplane stalled as I have described.

Further, affiant states that the Convair 240 as

certificated and sold were airplanes that had modifi-

cations made to them to correct the stalling char-

acteristics described in Flight Test Reports No. 6

and No. 7 of Exhibit 35.

/s/ MAURICE A. OARBELL.

Subscribed and Sworn to before me this 30th
day of January, 1951.

/s/ IRENE J. KNUDSEN,
Notary Public in and for said County and State

above written.

[Endorsed]: Filed February 5, 1951, U.S.D.C.

[Endorsed]: Filed August 25, 1951, U.S.C.A.
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[Title of Court of Appeals and Cause.]

STIPULATION AND ORDl-.R

It Is Hereby Stipulated by and between a})})(l-

lants and appellees under the provisions of Rule

76(h) that the record on appeal may be sui)ple-

mented to include the following material omitted

from the record on appeal

:

(a) The translation marked as *' Exhibit

32a" attached to Defendants' Exhibit AAA;
and

(b) This stipulation.

And that this stipulation constitute a designation

of the supplemental record to be printed as a sup-

plement to the record heretofore filed in this cause

and that the attached constitutes a true copy of

said translation ''Exhibit 32a" of Defendants' Ex-

hibit AAA hereinabove identified and that the sup-



1134 Consol. Vultee Aircraft Corp., etc.

plemental record so designated by this stipulation
may be printed and will constitute a supplement
to the record on appeal.

This stipulation is entered into at the request of
appellants, and it is further stipulated that the
cost of printing the supplement referred to herein
shall be borne by appellant.

Dated August 24, 1951.

HARRIS, KIECH, FOSTER &
HARRIS,

By /s/ FORD HARRIS, JR.,

Attorneys for Appellants.

LYON & LYON,

By /s/ LEWIS E. LYON,
Attorneys for Appellees.

So Ordered:

/s/ WILLIAM DENMAN,
Chief Judge,

/s/ CLIFTON MATHEWS,
Circuit Judge.
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EXHIBIT No. 32a

Translation of Page 419, No. 10

"Flugspoi-t"—1937

Performance Glider FS 16 "Wippstcrz"

This plane was designed and built by the "Study-

Group for Technology of Airplanes" at the "Uni-

versity for Technology" in Stuttgart. It made its

first public appearance when crossing the Alps fioni

Salzburg.

The aim, the designer had in mind, was to obtain

high speed and maneuverability.

The cantilever high-wing is in two sections and

is trapezoidal; the profiles from root to tip are:

NACA 2318, 2315 and 4312. Considerable security

against droop has been accomplished by root fair-

ing. This plane can easily be kept in a straight

direction by the use of the rudder, even if the

elevator is "pulled." The ailerons are rather large

and are made of dural; they have "levelling or

compensation" tabs.

The fuselage is pulled up and backward, an idea

which has proved itself with the "Fledermaus,"

particularly in bad terrain. Cantilever empennage,

both rudder and stabilizer unbraced.

[Endorsed] : Filed August 27, 1951.
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[Title of Court of Appeals and Cause.]

STIPULATION RE APPEAL RECORD
It Is Hereby Stipulated by and between the

parties to the above-entitled appeal, through their

respective attorneys, that the following exhibits

and portions of exhibits originally designated for

printing but omitted by the printer shall be printed

in a supplement to the printed record on appeal.

Defendants' Exhibit A (Report on Airfoil

Selection for the Revised Two-Engine Tailless

Design ZA-101), pages 1 to 60, inclusive;

Defendants' Exhibit EE (Glen L. Martin
Co. Engineering Report No. 1326)

;

Defendants' Exhibit 000, last two (2) pages

only;

It Is Further Stipulated that the following ex-

hibits, previously designated for printing, need not

be printed but may be considered by the Court in

their original form without the necessity of repro-

duction :

Plaintiffs' Exhibit 35;

Defendants Exhibit LL

;

Defendants' Exhibit PPP;
Defendants' Exhibit XXX.

Dated September 11, 1951.

HARRIS, KIECH, FOSTER &
HARRIS,

By /s/ FORD HARRIS, JR.,

Attorneys for Apellants.
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LYON & LYON,

By /s/ FRKDEHK^K W. LYON,
Attorneys i'oi- Apix'llces.

Approved and It Is So Ordered.

United States Circuit Judge.

[Endorsed]: Filed September 13, 1951.


